Background: chronic dyspnoea is common in older people and is often of cardiac or pulmonary aetiology. Information on the exact prevalence and distribution of underlying causes is scarce. Our aim was to review the literature on prevalence and underlying causes of dyspnoea in the older population. Methods: two MEDLINE searches were conducted: the first on studies on the prevalence of dyspnoea in older persons aged ≥65 years using the Medical Research Council (MRC) dyspnoea scale and the second on the underlying causes of dyspnoea in this population. Quality assessment was performed for all included studies. Random effects models based on the logit transformed prevalences were used to calculate pooled prevalence with 95% confidence intervals (95% CI). Results: a total of 21 articles from 20 different populations reported the prevalence in the general older population with a median sample size of 600 (Interquartile range 262-1289). The pooled prevalence was 36% (95% CI: 27-47%) for an MRC of ≥2, 16% (95% CI: 12-21%) for an MRC of ≥3 and 4% (95% CI: 2-9%) for an MRC of ≥4. Prevalence rates were higher in women than in men. Only one article investigated the underlying causes of dyspnoea in older persons; in 70% of these patients, the dyspnoea was considered to be of cardiac or pulmonary origin. Conclusion: dyspnoea is very common in older people, but estimates vary considerably between studies. Only one study describes the underlying causes.
Background
Dyspnoea comes from the Greek words 'dys-' and 'pnoia', and means difficult breathing. Clinicians use the term dyspnoea, while patients rather describe it with terms such as breathlessness, shortness of breath, chest tightness, air hunger or as increased effort of breathing [1] . These different terms indicate that defining dyspnoea is complex and will vary between patients.
About 60% of those presenting with dyspnoea are aged ≥65 years [2] . However, dyspnoea remains difficult to evaluate, especially in an older population, because of its subjective nature and the small margin between disease and physical deconditioning due to ageing. The reported prevalence of dyspnoea in the community seems to vary widely and is often described in a background paragraph as 'ranging from 20 to 60% in older people', but a systematic review and critical appraisal of the available studies are lacking [3] .
In addition, the available literature on the underlying causes of dyspnoea in the older population at large has not been evaluated, while many prior studies included selected populations or reported on only either pulmonary or cardiac causes [4, 5] .
Our review has two aims: to provide a systematic overview of studies assessing the prevalence of dyspnoea in the older population at large and of studies on examining the distribution of underlying causes of dyspnoea in this population.
Aim 1: Prevalence of dyspnoea by the MRC dyspnoea scale in the general older population
There are several questionnaires available to assess dyspnoea. The Medical Research Council (MRC) dyspnoea scale is a widely used rating scale for dyspnoea [6] . This short questionnaire measures perceived shortness of breath in daily physical activities using simple examples. In order to compare studies, we choose the MRC scale as questionnaire to measure dyspnoea.
Search strategy
A systematic literature search was carried out in Medline from 1950 up to March 2012. The following keywords were used in the search: 'dyspnoea or synonyms' and 'survey or synonyms' (see Appendix 1 in Supplementary data are available in Age and Ageing online). Studies published in English or Dutch were considered. The following predefined inclusion criteria were applied: (i) study population derived from the general population, (ii) study report the prevalence in those aged ≥65 years, or prevalence can be calculated for this age category and (iii) studies that applied the MRC dyspnoea scale (or a modified version) to quantify dyspnoea. Studies regarding acute dyspnoea were excluded. Reference lists of all selected articles and those of relevant review articles were searched.
If more articles were published about the same study population, the most complete one was included. An exception was made for two articles from the PAQUID study, each giving the prevalence of dyspnoea, but at a different MRC cut-off point. Both articles are included in the results section, and for the quality assessment they are considered as a single study.
Quality assessment
As no formal checklist was available for the quality assessment of prevalence studies, such a list was designed. Our list is based on the approach applied by QUADAS-2 (Tool for the Quality Assessment of Diagnostic Accuracy Studies) [7] as it also focuses on the risk of bias (internal validity) using three signalling questions and on concerns for applicability (external validity, generalisability) using two signalling questions. The role of the signalling questions is to identify potential problems in the design, conduct and analysis of a study that might introduce bias or raise concerns about the applicability of the findings. All signalling questions are scored as yes, no or unclear. For both risk of bias and concerns for applicability, a summary rating is given using the categories: low, high or unclear. The following questions were used for the quality assessment.
Signalling questions for risk of bias:
(a) Are the data collection methods standardised and are the data prospectively collected with the purpose of measuring the prevalence? (b) Was a consecutive or random sample of patients enrolled?
(c) Is it unlikely that the reasons for non-response have influenced the estimate of prevalence in a systematic way? (d) Is the instrument to measure dyspnoea valid?
Overall assessment for risk of bias: high, low or unclear. Signalling questions for concerns about applicability: (e) Do the included patients and setting match what is intended by the review question? (f ) Is the condition of interest defined or measured as intended by the review question?
Overall assessment on concern for applicability: high, low or unclear Selected articles were read in full and quality rated independently by two of the authors. In case of discrepancies, consensus was achieved after discussion between the two assessors.
Data extraction and analysis
Standardised forms were used to extract information and data from the individual studies.
Data are presented as numbers and proportions. Prevalence numerators and denominators were extracted from the studies, and if possible specified by gender and age categories. Because studies used different cut-off points of the MRC dyspnoea scale to define dyspnoea, the prevalence of dyspnoea was calculated for different cut-off points.
Prevalence estimates from all studies are presented in forest plots showing the percentage of persons with an MRC score of ≥2, ≥3 or ≥4 together with the 95% confidence interval (95% CI) based on the method of Wilson [8] . Random effects meta-analysis was performed to obtain a pooled estimate across studies with 95% CI. The random effects model is based on the assumption that the true underlying logit transformed prevalences come from a normal distribution with a mean of µ and between-study variance of τ . The precision by which the prevalence has been measured in each study is added to the model based on the binomial distribution (within-study variance) giving more weight to larger studies.
To examine whether there is a difference in prevalence between men and women, we first calculated prevalence ratios within each study. Next, the prevalence ratios were pooled across studies using standard random effect meta-analysis techniques [9] . The benefit of this approach is that variables that may influence the prevalence estimates, such as setting, patient selection and measurement protocol, are kept similar for both sexes within study.
Aim 2:Underlying causes of dyspnoea in the general older population

Search strategy
A systemic literature search was carried out in Medline from its inception to March 2012. The following keywords were used in the search: 'dyspnoea or synonyms' and 'heart or synonyms' and 'lung or synonyms' (see Appendix 1 in Supplementary data are available in Age and Ageing online). Studies published in English or Dutch were considered. Predefined inclusion criteria were: (i) study population representative of the general population, (ii) patients aged ≥65 years were included and (iii) the diagnostic assessment included at least spirometry and echocardiography (because of the focus on, respectively, chronic obstructive pulmonary disease (COPD) and heart failure). Studies regarding acute dyspnoea were excluded. Reference lists of all selected articles and those of relevant review articles were searched.
Quality assessment, data extraction and analysis
For Aim 2, we will use similar methods for quality assessment, data extraction and analysis as for Aim 1.
Results
Prevalence of dyspnoea by the MRC dyspnoea scale in the general older population
Description of selected study population
The search yielded 9,323 publications and after reading titles, abstract and full text, 20 articles were selected which fulfilled all our inclusion criteria. One additional article was identified from the reference lists of the selected articles (see Figure 1 ).
In total, 21 articles from 20 study populations were selected. Study characteristics and quality parameters are shown in Table 1 . Sample sizes varied between 84 and 5,119 participants, with a combined and median sample size of 19,185 and 600 (Interquartile range: 262-1289), respectively. The studies were conducted in the USA, Canada, Europe and Australia. There were differences between studies in the setting, the method of assessment of the MRC dyspnoea scale (self-administered questionnaire or interview) and which threshold was used.
Quality assessment
In several studies, it was unclear whether the reasons for non-response influenced the prevalence estimates, because information about non-responders was lacking. Uncertainty about the applicability was mostly attributable to the exclusion of the very old or older people living in institutions. Overall, there was a low risk of bias and there were low concerns about the applicability.
Prevalence of dyspnoea in older people
The prevalence rates of dyspnoea in those aged ≥65 years are presented in Table 2 . The cut-off points which could be calculated were MRC of ≥2 (short of breath when hurrying on the level or walking up a slight hill), MRC of ≥3 (walks slower than most people on the level, stops after a mile or so or stops after 15 min walking at own pace) and MRC of ≥4 (stops for breath after walking 100 yards or after a few minutes on level ground).
The reported prevalence rates of dyspnoea with an MRC of ≥2 varied between 16.1 and 61.6%, for MRC of ≥3 between 8.2 and 32.3% and for MRC of ≥4 between 4.2 and 6.6%.
The pooled prevalence for an MRC of ≥2 was 36.3% (95% CI: 27.1-46.7%), for MRC of ≥3 15.9% (95% CI: 11.9-20.8%) and for MRC of ≥4 4.1% (95% CI: 1.7-9.4%).
Prevalence of dyspnoea in relation to age
Four studies reported the prevalence of dyspnoea in different age categories, but due to the use of different cut-off points a pooled prevalence could not be calculated [21, 22, 24, 30] . In general, the prevalence of dyspnoea increased by age (see Table 3 ).
Prevalence of dyspnoea according to gender
Seventeen studies reported the prevalence of dyspnoea by gender [11-14, 16, 18-25, 27-30] . One study was only performed in men [17] . The pooled prevalence for an MRC of ≥2 was 37.2% (95% CI: 29.3-45.9%) in men and 39.5% (95% CI: 31.1-48.6%) in women. For MRC of ≥3, it was 13.4% (95% CI: 9.5-18.4%) in men and 16.0% (95% CI: 11.4-22.0%) in women. For the MRC of ≥4, in men the prevalence was 4.3% (95% CI: 2.2-8.4%) and in women 5.3% (95% CI: 2.8-10.0%). In most studies, the prevalence was higher in women than in men (see Appendix 2 in Supplementary data are available in Age and Ageing online; Table 2 ). In six study populations, this difference was statistically significant [10, 12, 14, 15, 19, 28, 30] .
The pooled prevalence ratio for men versus women was 0.94 (95% CI: 0.87-1.01) for MRC of ≥2, 0.83 (95% CI: 0.76-0.91) for ≥3 and for ≥4 0.78 (95% CI: 0.58-1.06). Sampling on households. c Also included in the first search, 129 (63%) of the participants with dyspnoea were investigated for the underlying cause.
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Description of selected study population
The search yielded 1,984 publications and after reading titles, abstracts and full text, only one article fulfilled all inclusion criteria (see Figure 1) . A main reason for exclusion was that participants in the studies were selected from hospitals and not from the population at large. The article by Pedersen et al. was the only study from the general population in which the large majority of the study population was >65 years of age as the median age was 71.5 years, although ages ranged from 60 to 79 years (see Table 1 ) [28] . There was no study that included only patients aged ≥65 years or studies that reported stratified data for older people.
Quality assessment
The characteristics and quality assessment of the single selected article is presented in Table 1 [28] . The authors used a modified version of the MRC dyspnoea scale, and defined subjects dyspnoeic when they had complaints comparable with an MRC score of ≥2.
Causes of dyspnoea in the general older population
The only study providing relevant data on this topic found that dyspnoea was of cardiac origin only in 19%, of pulmonary origin in 42%, of both cardiac and pulmonary origin in 9%, another cause in 18% and no explanation in 12%. In 63% of the patients with a pulmonary origin of dyspnoea, COPD was the underlying cause. Heart failure was included among the group of cardiac origin, but separate numbers were not given. Obesity was mentioned as another cause for the dyspnoea (16%). Importantly, it was only mentioned as a primary cause when other causes could not be established. Anaemia and thyroid disorders were not present in this population.
Discussion
We only included studies that used the MRC dyspnoea scale to measure the prevalence of dyspnoea in the general older population because this scale has been extensively validated, incorporates the limitations patients experience with dyspnoea and is simple to use. -, not reported; MRC ≥2, 'short of breath when hurrying on the level or walking up a slight hill'; MRC ≥3, 'walks slower than most people on the level, stops after a mile or so, or stops after 15 min walking at own pace'; MRC ≥4, 'stops for breath after walking 100 years or after a few minutes on level ground'. a Percentage adapted from Figure 4 of the article. b Adapted from editorial (not mentioned in article).
questionnaire allows monitoring of the changes in the severity of dyspnoea over time [31] . Of the 9,323 found articles in Search 1, there were 'only' 20 articles that fulfilled our selection criteria. A major reason for the high initial number of studies was that we needed to use the non-specific terms 'dyspnoea' and 'survey' in our search in order to avoid missing relevant papers, especially publications published long time ago. Therefore, the majority (79%) of the papers needed to be excluded mainly because the study population was not representative of the general population.
Although we compared prevalence rates measured with the same instrument, we still found a wide range in reported dyspnoea between studies, especially when a cut-off of two is applied (range of prevalence with MRC of ≥2: 16-62%). The wide range may be related to differences in sociodemographic factors or to the method applied to administer the MRC scale (self-administered questionnaire or interview). Pedersen et al. could not confirm an MRC dyspnoea score of ≥2 during an interview in 15% of the persons with selfreported dyspnoea. For an MRC of ≥3 score, however, Ho et al. found that the agreement between self-reported and interviewer-administered dyspnoea was high (P < 0.0001). The larger 'uncertainty' in diagnosing dyspnoea as an MRC score of ≥2 is also illustrated by the wider range of the observed prevalence compared with the prevalence based on MRC of ≥3 or MRC of ≥4.
In this view, it seems preferable to consider an MRC score of ≥3 as dyspnoea, as it is less influenced by the patients and physicians perspectives, making comparisons between studies more informative. On the other hand, in 85% of patients with an MRC of ≥2 a disease (like HF and COPD) underlying the dyspnoea can be identified [28, [31] [32] [33] .
In the individual studies, there were discrepancies in the gender differences in dyspnoea prevalence, although for the MRC threshold of ≥4, all studies reported a higher prevalence in women [11, 18, 25, 26] . We showed by pooling the prevalence rates that women more often reported dyspnoea than men, although this was only statistically significant for MRC of ≥3. This higher self-report of a physical symptom by women is consistent with literature [34] .
Four studies provided prevalence rates of dyspnoea by different age cut-off points, instead of only ≥65 years [21, 22, 24, 30] . These results indicate that increasing age had a stronger influence on the prevalence than gender, Dyspnoea is so common in older people, that one may consider it a rather 'normal' phenomenon in the aged. Our review revealed that no study specifically investigated the distribution of underlying causes of dyspnoea in patients aged ≥65 years. Besides the study of Pedersen et al., three other studies looked at dyspnoea in the general population, with a mean of median age 62 years, but age ranged from 15 to 95 years [28, [31] [32] [33] . In these three studies, cardiac and/or pulmonary diseases were the reason of dyspnoea in 60%, with the most common underlying diagnoses being heart failure and COPD. Only in 15% no medical reason was found. This is comparable with our single included study of Pedersen et al. with persons at a median age of 71.5 years, with a cardiac and/or pulmonary disease as reason for dyspnoea in 70% and no reason in 12% of the patients. It seems that in the majority of patients a treatable underlying cause, e.g. COPD or heart failure is present, and investigating or even selective screening of older people seems worthwhile.
The first aim of this review was to provide more exact prevalence estimates of dyspnoea. The conclusion that dyspnoea is very common in older people, is not surprisingly and supports the clinical impression in the field. We hope that physicians pay more attention to dyspnoea in older people, as dyspnoea is highly prevalent leading to a high yield of potential treatable causes detectable with relatively simple examinations. Further studies are required to examine whether the yield of potential treatable causes will translate into improved patient outcomes in older people as the balance between intended positive effects and side effects of treatment may be different in this particular group of patients.
We conclude that dyspnoea is very common in the general older population, but estimates vary considerably between studies even if further classified in severity according to the MRC scale. Surprisingly given the high prevalence, only one single study investigated the underlying causes of dyspnoea in this age group.
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